A novel reductive amino-cyclization method for the synthesis of azacycloalkanes is developed. Its versatility is proved by the total syntheses of (±)-aurantioclavine (1), an ergot alkaloid, and (±)-lophocerine (2), a cactus alkaloid, as examples of azepane and piperidine skeletons, respectively.
In our project for developing biologically active compounds, 2 we needed a novel simple method for constructing azacycloalkanes under acidic conditions. Generally speaking, however, the formation of a C-N bond between nitrogen atom of amines and carbocation generated in situ by the action of an acid is impossible, because the basic nitrogen is protonated completely and eventually loses the nucleophilic ability.
To overcome the problem we have conceived the following idea as shown in general formula in Scheme 1. If the type A compound, having both nitro and unsaturated groups in a molecule, is subjected to an acidic reduction (in this case, E + = H + ), the nitrogen atoms of both the resulting intermediates, hydroxylamine (B) or oxime (C), would not be protonated completely due to the attached electron-attracting oxygen atom. So, in cases where a carbocation is generated in the neighborhood of the nitrogen atom, both carbon and nitrogen atoms can connect together resulting in the formation of a cyclic hydroxylamine or a cyclic nitrone (D). Simultaneous acidic reduction can provide the desired type E azacycloalkanes.
On the basis of the above idea, we have succeeded in creating a novel reductive amino-cyclization method. 3 We wish to report its application for the total syntheses of (±)-aurantioclavine 4 tions, respectively (Scheme 2). Part of these works is reported as preliminary communications. 3, 6 As for an example of pyrrolidine formation, we had already applied the method for the synthesis of 6,6a,7,8,9,9a-hexahydro-2H-isoindolo [4,5,6-cd] indole 3, 6 (3), a synthetic intermediate for α-cyclopiazonic acid (4) . We had demonstrated as well that the process, C → D in Scheme 1, actually worked. 7 Thus, the compound (5) was successfully converted to a nitrone (6, in this case, E + = Br + ), an important intermediate for the synthesis of gibberellin A 15 (7) . 7 
An Efficient Total Synthesis of (±)-Aurantioclavine (1)
According to our synthetic procedures, 6, 8 overall yield from indole-3-carbaldehyde (8) in four steps. 8 Since the compound (9) contains the type A structure, the desired allyl cation being a benzyl cation as well, can be generated on the side chain at the 4-position of 9 by an acid treatment. The carbocation is so stable that it would survive during the time when the acidic reduction of the nitro group on the side chain at the 3-position of 9 proceeds, and it would eventually have a chance to form a bond to the hydroxylamine nitrogen. In fact, however, treatment of 9 with such reagent systems as SnCl 2 /HCl/MeOH, TiCl 3 /MeOH, Fe/AcOH, and Zn/AcOH ended in failure under various examined reaction conditions. Finally, we tried amalgamated zinc (Zn (Hg)) and found it a reagent of choice. Thus, treatment of 9 with Zn (Hg) in refluxing methanolic HCl gave (±)-aurantioclavine (1) in 72% yield. Further treatment of 1 with Ac 2 O and pyridine afforded (±)-N-acetylaurantioclavine (10) in 93% yield. Spectral data of 1 were identical with those of aurantioclavine, reported in the literature. 4 Thus, we accomplished the first total synthesis of (±)-aurantioclavine (1) in the simplest five steps with a 33% overall yield from 8 without using any protective groups. Hegedus' group 9 achieved the total syntheses of (±)-1 afterwards, too. 10
Total Synthesis of (±)-Lophocerine (2)
In order to examine whether our amino-cyclization method works for the piperidine formation, we selected (±)-lophocerine (2) 5 as a target molecule, which is known to exist as a racemate. 5 For the synthesis of intermediates having 1-substituted isoquinoline skeletons (12a,b, Scheme 3), we 11 11 ) were easily prepared in 74 and 81% yields, respectively, from 13a and 13b. 11 They were prepared according to our procedures 11 from 6-bromoveratraldehyde (14a) and 6-bromo-4-benzyloxy-3-methoxybenzaldehyde (14b) in two steps through 15a and 15b.
The reductive amino-cyclization method, using zinc instead of Zn (Hg), was successfully applied for 11a and 11b. Thus, treatment of 11a and 11b with zinc in refluxing methanolic HCl provided 6,7-dimethoxy- (2) in 39% yield. Our synthesized 2 and its picrate were identical with the samples prepared according to the procedure described in the literature. 5 In conclusion, we have established a novel reductive amino-cyclization method for the synthesis of azacycloalkanes based on our idea shown in Scheme 1. Its versatility was proved by the total syntheses of (±)-aurantioclavine (1) -1-(2-methyl-1-propen-1-yl)-1,2,3,4-tetrahydroisoquinoline (12a) Benzyloxy-6-methoxy-1-(2-methyl-1-propen-1-yl)-1,2,3,4-tetrahydroisoquinoline (12b) 
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